We report multidetector computed tomography (MDCT) and cardiac magnetic resonance (CMR) findings of a 34-year-old female with isolated left ventricular apical hypoplasia. The MDCT and CMR scans displayed a spherical left ventricle (LV) with extensive fatty infiltration within the myocardium at the apex, interventricular septum and inferior wall, anteroapical origin of the papillary muscle, right ventricle wrapping around the deficient LV apex, and impaired systolic function. MDCT visualized morphologic and also functional findings of this unique cardiomyopathy.
INTRODUCTION
Isolated left ventricular apical hypoplasia (LVAH) is a unique congenital cardiomyopathy. To our knowledge, there are only a few case reports on the multidetector computed tomography (MDCT) and cardiac magnetic resonance (CMR) findings of LVAH with fatty infiltration usually confined within the left ventricular apical myocardium. Here we present the morphologic and functional findings of LVAH in a female patient with extensive fat infiltration along the interventricular septum and inferior myocardium. This study was approved by the Institutional Review Board of our hospital. 
CASE REPORT
A 34-year-old woman, with no past medical history of cardiac diseases, was referred to our hospital for an evaluation of an atypical chest discomfort. She was physically active with good exercise tolerance (New York Heart Association class I). Her personal and familial medical histories were noncontributory, and a physical examination found no detectable heart murmur. Electrocardiography (ECG) showed Q wave in leads V1-4, and chest radiography revealed cardiomegaly.
A transthoracic echocardiogram subsequently revealed a globular, thin-walled, and severely dilated left ventricle (LV) with a brightly echogenic apex, bulging of the interventricular septum towards the right ventricle (RV), and a mildly reduced systolic function (ejection fraction [EF], 44%). There was a grade II diastolic dysfunction and elevated left ventricular end-diastolic pressure (Fig. 1A) . The presumptive diagnosis was dilated cardiomyopathy with an LV mass at the apex.
The patient underwent a CMR scan and cardiac catheterization for evaluation of ischemic or nonischemic cardiomyopathy with an LV mass. The left heart catheterization revealed a normal coronary artery. CMR . Short-axis images covered the whole heart gapless from the apex to the base (20 phases per heart cycle). Phase-sensitive inversion recovery late gadolinium enhancement was acquired in the diastole period, 15 minutes after intravenous injection of gadobenate dimeglumine at 0.1 mmol/kg of body weight A. Echocardiogram demonstrates spherical and truncated LV with echo-bright apex (arrow), bulging of interventricular septum towards right ventricle, and elongated RV wrapping around deficient LV apex in parasternal long-axis view. B. Four-chamber view from CMR during diastole and systole shows spherical, truncated LV at apical level with prominent fat (arrows). Papillary muscles originate from flattened anterior apex. RV is elongated and wraps around deficient LV apex. Late gadolinium enhancement revealed no enhancement in apex and ventricular septum of LV. C. Four-chamber view from cardiac MDCT more clearly visualizes extent of fatty material within apical myocardium, interventricular septum and inferior LV wall. Almost all fatty material was confined within myocardium, although small portion of apical fat was contiguous with epicardial fat (arrow). MDCT clearly shows cardiac layers and fat distribution. kjronline.org (MultiHance, Altana Pharma, Konstanz, Germany). All sequences were executed with ECG-gating and breath-hold technique.
Cardiac magnetic resonance revealed a spherical and truncated LV with rightward bulging of the interventricular septum, as well as prominent fat presence at the apex (Fig.  1B, arrows) . The CMR also showed an elongated RV, wrapping around the deficient LV apical area to form the true apex. The right-ventricular systolic function was low normal (RVEF, 56%). There was no delayed myocardial enhancement to indicate myocardial fibrosis or mass (Fig. 1B) .
A prospectively triggered CT scan was performed, using a 128-slice CT scanner (SOMATOM Definition Flash, Siemens, Erlangen, Germany). Scan parameters were as follows: 2 x 128 x 0.6 sectional collimation; 280 msec gantry rotation time; 100 kVp tube voltage; and 320 mA with the automatic tube current modulation technique. Iodinated contrast medium (Ultravist [iopromide], 300 mg I/mL, Bayer Healthcare, Berlin, Germany) was injected via peripheral veins at a volume of 1.5 mL/kg body weight. Automatic triggering was used. A saline chaser of 1.5 mL/kg body weight was injected at the same rate of contrast medium to reduce artifact which may be caused by contrast medium in the superior vena cava. Images were reconstructed to 0.75 mm in thickness and interval reconstruction with an I30f kernel filter and were transferred to a workstation (RAPIDIA 3D; Infinitt, Seoul, Korea) for post-processing. Images were analyzed in a workstation using multiplanar reformation and endo-cardiovascular volume-rendering (VR) technique. Unlike traditional endo-cast VR of enhanced lumen, the endo-cardiovascular VR was performed by applying trapezoids of transfer function to null-out the enhanced lumen and depict the cardiac wall (Supplementary Video in the online-only Data Supplement). We encoded different colors for fat and cardiac muscle and dissected out the obscuring wall to disclose the internal anatomy of interest.
The extent to which the fatty material replaced the deficient apical myocardium, interventricular septum and LV inferior wall was better seen on an MDCT (Fig. 1C) . Almost all the fatty material was confined within the myocardium; only a small portion of the apical fat was contiguous with epicardial fat (Fig. 1C, arrow) .
The systolic function of LV was decreased, whereas the right-ventricular systolic function was on the lower end of normal (LVEF, 41%; RVEF, 50%). Impaired systolic function was also demonstrated on 3-dimensional (3D) endo cardiovascular VR cine imaging (Supplementary Video in the online-only Data Supplement).
Our findings from the imaging were consistent with an isolated LV apical hypoplasia. Therefore, the patient was treated with standard therapy for a dilated cardiomyopathy, with an angiotensin converting enzyme inhibitor, and was recommended a close follow-up.
DISCUSSION
Isolated LVAH is a newly recognized, unusual cardiomyopathy and its clinical course is uncertain. Isolated LVAH was first described in 2004 in a case report by Fernandez-Valls et al. (1) . This anomaly may occur as an isolated congenital anomaly or in conjunction with other congenital cardiac abnormalities (1) (2) (3) (4) (5) (6) (7) (8) . The clinical presentation varies from asymptomatic to symptoms ranging from a minor degree of fatigue, to chest pain, exertional dyspnea, ventricular tachyarrhythmias, biventricular cardiac failure and pulmonary hypertension (4, 9) . Therefore, a close follow-up is needed even in asymptomatic patients. The hemodynamic is similar to restrictive LV cardiomyopathy and almost all patients responded well to the standard heart failure treatment (4).
Our diagnosis was made using a transthoracic echocardiogram, CMR and MDCT. The typical four imaging characteristics were: 1) a truncated, spherical LV with bulging of the interventricular septum to RV as there was impaired LV function in the form of impaired late diastolic filling and systolic function; 2) fatty infiltration of the left ventricular apical myocardium; 3) an elongated, normally functioning RV that wraps around the deficient LV apex; and 4) an anteroapical origin of papillary muscle (1) .
Our patient presented with atypical chest discomfort during a routine medical examination. MDCT demonstrated a decreased systolic function on the 3D endo-cardiovascular VR dynamic image and CT volumetry. There were prominent adipose tissue infiltrates of the apex, interventricular septum and the inferior wall. This CT finding was unique and, to our knowledge, there have been no case reports demonstrating extensive fatty infiltration along the interventricular septum and inferior myocardium. Besides the rarity of this finding, this reporting may also had Korean J Radiol 17(1), Jan/Feb 2016 kjronline.org benefited from a higher spatial resolution of the MDCT scan.
Fernandez-Valls et al. (1) reported that invagination of fatty material in the defective LV apex from the epicardial fat was seen in all patients. However in our patient, MDCT demonstrated no invagination but infiltration of fatty material within the myocardium, which was contiguous with epicardial fat in some portions.
Although the pathogenesis of this cardiomyopathy is unknown, it is postulated to be a congenital anomaly, due to the abnormal ventricular septation during partitioning. A defective LV apical development might be attributable to a relatively inadequate LV to RV dilatation in the fifth week of embryonic development, leading to a spherical LV with RV elongation wrapping around the LV apex while the interventricular septum continued to develop (1) .
Isolated LV apical hypoplasia should be differentiated from idiopathic dilated cardiomyopathy, arrhythmogenic right ventricular cardiomyopathy with left ventricular preponderance, ischemic heart disease, hypoplastic left heart syndrome and non-compaction of the LV. Idiopathic dilated cardiomyopathy is diagnosed by a left or biventricular dilation, with severely impaired systolic function, in the absence of abnormal loading conditions (10) . Arrhythmogenic left ventricular cardiomyopathy is characterized by dilatation or the formation of an aneurysm with an associated paradoxical motion, diffuse fatty infiltration and subendocardial enhancement (11, 12) . Hypoplastic left heart syndrome is accompanied by aortic or mitral atresia. Non-compaction of the LV is characterized by a diffusely dilated LV with a heavily trabeculated endocardium. Our patient had mature mitral and aortic valves, normal coronary arteries and no heavily trabeculated endocardium.
To our knowledge, this is the first case of LV apical hypoplasia to demonstrate the diagnostic ability of the ECG-gated MDCT, showing morphologic and also functional characteristics. This allowed demonstrations of an extensive LV apex, interventricular septal and inferior wall fatty replacement, and decreased systolic function. Familiarity with the characteristic imaging findings of this unusual cardiomyopathy is essential for a more prompt diagnosis and accurate treatment.
